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Our research has focused on the mechanisms used in visual object recognition. Recent

psychophysical results suggest that human perceivers often rely on viewpoint-specific
(view-based) representations in conjunction with normalization procedures. Over the
past year we have explored the degree to which view-based representations are also
appearance based. Specifically we have found that visual recognition across many
tasks is sensitive to changes in image properties such as illumination, color, and
material (texture). These results indicate that object representations are informa-
tion rich and that abstract part-based structural-descriptions will not account for :
much of human recognition performance. Other work has focused on how view-based :
representations are organized and function across changes in viewpoint. Using 3D (
stimuli rotated in depth we have investigated the role of task, ranging from basic—§
level to subordinate-level discriminations, how view-based representations generalize
from known members of a class to unfamiliar members of that class, and how perceptuai
expertise is acquired and influences recognition strategies. We have also been %
investigating the mechanisms used for discriminating between highly similar objects,:
e.g., faces. In particular, we are interested in how such exemplar-specific
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processes relate to/interact with more generic recognition mechanisms, as well as
how such processes are affected by distortions or noise. Finally, we have been
using these and other results to develop a new exemplar-based approach to object
recognition/representation. This model assumes three types of associations between
input: 1) Across-exemplar associations at the level of coarse features of bounding
contours; 2) Across-view associations between qualitatively distinct viewpoints for
a specific exemplar; 3) Within-exemplar associations at the level of fine features
throughout the image. Crucially, associations are relatively weak at initially
encoding, but become reinforced through experience. We are currently investigating
the degree to which such a model may account for a range of behavioral phenomena,
including different categorical levels of recognition and variation in image feature
sensitivity with different tasks.
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2. Objectives
Objectives remain the same as originally stated. We are investigating the
representations and mechanisms underlying human object recognition using both

psychophysical and computational methods.

3. Status of Effort

Our research has focused on the mechanisms used in visual object recognition.
Recent psychophysical results suggest that human perceivers often rely on viewpoint-
specific (view-based) representations in conjunction with normalization procedures.
Over the past year we have explored the degree to which view-based representations
are also appearance based. Specifically we have found that visual recognition across
many tasks is sensitive to changes in image properties such as illumination, color, and
material (texture). These results indicate that object representations are information rich
and that abstract part-based structural-descriptions will not account for much of human
recognition performance. Other work has focused on how view-based representations
are organized and function across changes in viewpoint. Using 3D stimuli rotated in
depth we have investigated the role of task, ranging from basic-level to subordinate-
level discriminations, how view-based representations generalize from known members
of a class to unfamiliar members of that class, and how perceptual expertise is acquired
and influences recognition strategies. We have also been investigating the mechanisms
used for discriminating between highly similar objects, e.g., faces. In particular, we are
interested in how such exemplar-specific processes relate to/interact with more generic
recognition mechanisms, as well as how such processes are affected by distortions or
noise. Finally, we have been using these and other results to develop a new exemplar-
based approach to object recognition/representation. This model assumes three types
of associations between input: 1) Across-exemplar associations at the level of coarse
features of bounding contours; 2) Across-view associations between qualitatively
distinct viewpoints for a specific exemplar; 3) Within-exemplar associations at the level
of fine features throughout the image. Crucially, associations are relatively weak at
initially encoding, but become reinforced through experience. We are currently
investigating the degree to which such a model may account for a range of behavioral
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phenomena, including different categorical levels of recognition and variation in image

feature sensitivity with different tasks.

4. Accomplishments/New Findings
e The Role of lllumination and Texture in Object Representations
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visual processing — to test this we

manipulated whether the same-shaped objects
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appeared in the same or in a different
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illumination in a matching task. Results, as
shown in the adjacent figure, show that observers are sensitive to changes in
illumination in judging two images to be from the same object (in terms of a 20 ms cost
in response time) and that this sensitivity increases as the discrimination task becomes
more difficult (in terms of a decrease in sensitivity as measured by d’). However, we find
this cost for a change in illumination only when cast shadows are present on each
object -- without cast shadows there is no reliable cost for a change in illumination.
Interestingly, the absence of cast shadows produces a second effect -- there is a large
increase in overall response times to make the shape discrimination. Together, these
results suggest that a) object representations are image based, encoding the effects of
illumination; b) image-based mechanisms become increasingly prominent as shape
discriminations become more subtle (e.g., between different models of planes); c) one
reason why the effects of illumination are encoded may have to do with the benefit they
provide in terms of disambiguating novel shapes. That is, while there is a small cost in
terms of illumination invariance, this is far outweighed by the potential benefit in terms of
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information about the shape of the object. Further experiments have been exploring
these effects for familiar objects, specifically human faces. Here it appears that there is
a larger cost for a change in illumination (50 ms), but that the absence of shadows does
not lead to slower response times. Thus, shadows may provide maximal information for
learning about unfamiliar shapes, but less of a benefit one shapes are learned and
therefore consistent with a known shape model.

In related work, we have been assessing the degree to which object representations
are material sensitive — the assumption being that along with shape, material is a
fundamental property of object representations. In our initial experiments we have
manipulated material primarily through surface texture creating both material-consistent
and material-inconsistent objects (e.g., a furry bunny versus a steel bunny). First results
are quite promising — in a naming priming task, we have found large and significant
priming for naming an object in the same material versus changing the material. These
effects are comparable to those found for changes in viewpoint and much larger than
those found for a range of other stimulus transformations. Such findings are being
explored in further experiments that manipulate the diagnosticity of the material, the
category of the object, and the task. Overall, these results provide some indication that
shape-based approaches to recognition may be significantly enhanced by the inclusion

of surface properties such as texture or material.

» Task-Dependent Recognition Strategies
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manipulating whether the match occurs at the
basic or subordinate level. Although there is some reason to suppose that
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representations activated during subordinate-level tasks will prime basic-level tasks,
many theories of recognition assume that basic-level tasks access only abstract/coarse
representations that are insufficient for subordinate-level recognition. However, we have
been developing a framework for recognition in which the same neural units support
both levels of recognition — in such an approach, regardless of the task at hand,
encountering a given exemplar of a class will prime both the exemplar itself and the
class (the primary reason for this is that basic-level representations are not considered
abstractions, but rather the pooled output of the exemplars within that basic-level class).
Initial results suggest that subordinate-level access does prime basic-level access, but
not vice-versa (see figure). This finding indicates that the representations used for
subordinate-level recognition are not separable from those used for basic-level
categorization, and, in particular, object recognition may be thought of as activating a
pool of exemplars which reach a recognition threshold more rapidly for the more generic

basic level than for the specific subordinate level.

¢ View-based Class Generalization
Image-based approaches to object representation have been criticized as “template-
like” and inadequate for generalizing across different exemplars of a familiar class. In
particular, it has been suggested that they rely on rigid views that are specific to image
features and attributes. We investigated this issue in the recognition of exemplars from
novel 3D object categories. The experiment was designed to test whether, in the
context of viewpoint-specific recognition, view-specific information for some exemplars
would generalize to similar views of other members of the same basic-level class. Such
generalization would be useful when new exemplars of a familiar category are seen for
the first time. For instance, it may be possible to infer what a new model of car will look
like from an unseen viewpoint based on the experienced view of the new exemplar and

the knowledge of cars encountered in the past.

Page 5




Methodology. Six targets and six
distractors were used, organized in six pairs
of objects sharing the same central part, but
with a different arrangement of the smaller
parts (see figure). Subjects in the Transfer
group practiced recognizing the objects
from a small number of viewpoints
generated by rotations in depth around the
vertical axis. Half of the targets (one of
each pair) were presented at 0° and at
another orientation (60°, 150° or 240°,
clockwise). The other half of the targets
appeared as frequently but only at 0°.
Distractors appeared in all mentioned
orientations. For the Baseline group, the
procedure was identical except that the
targets were only practiced at 0°. The
practice sessions were followed by a
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for the two pairs of objects for which orientation effects were found, comparison
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between the Transfer and the Baseline groups provided strong evidence for
generalization of studied views to other exemplars. An example is shown in the figure of
response times, for recognition of object g5 (“Kip”) during the surprise block. Again, the
only difference between the two groups is that subjects in the Transfer group studied
another pairwise similar object, gp5 (“Mar”), at 240° in the practice sessions. This
experience generalized to object g5, even though subjects had to distinguish between
the two objects.

Such results indicate that viewpoint-specific representations not only support
discrimination between visually similar exemplars, but also allow generalization across
exemplars, in particular, between visually similar views of the same objects and visually

similar exemplars.

e Face recognition

Past research has demonstrated that inverted faces appear to be more difficult to
recognize than a variety of other inverted objects, such as houses, airplanes, or
landscapes. These results have led some to claim that there is a dedicated mechanism
for processing faces that is disproportionately affected by inversion. We have run
several experiments that test the claim that large inversion effects for recognition are
specific to faces. The experiments here involve systematically rotating faces within the
picture plane while measuring recognition performance. One study found that
performance at correct face recognition is linearly related to the angular disparity of the
face from the canonical upright orientation. By directly comparing faces to appropriate
control stimuli, a second experiment revealed that recognition performance is the same
for misoriented faces and misoriented control objects. Finally, we found that the difficulty
recognizing inverted faces can be explained by a generic viewed-based model of
representation which is not face-specific. These results suggest that faces, as a
stimulus class, show a strong inversion effect because they share a single, vertical,
highly canonical orientation, as well as a highly homogeneous configuration.

e Perceptual expertise

Until recently, the easiest way to study the role of expertise in object recognition was to
do correlational studies involving novices and extant experts for a given class, for instance
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dogs or birds. Other techniques included correlating age with face recognition abilities in
developmental studies. The expertise training studies that we conducted demonstrates that
experts may be created in a relatively short time span (10 hours), in particular,
demonstrating some behavioral effects only previously obtained with faces.

FAMILY In our first

samar osmit galli  radok tasio experiment, we

“experts” for the
. recognition of
glip
' ’ “ ' ' novel non-face
stimuli

demonstrated
the possibility of
creating

GENDER

(“Greebles”, see

two greebles of the same
gender and same family

figure) in a

—>

relatively brief

period of
extensive training. We tested whether experts for this class of non-face stimuli were
sensitive to configural changes much as subjects have been found to be with upright
human faces but not control stimuli. Configural sensitivity was tested in a paradigm used
with faces by Tanaka & Sengco (1996). They found that subjects were better at forced-
choice recognition of face features in the context of the intact face than when they were
presented in isolation or in the context of the original face but with other features
displaced (e.g., eyes moved apart). Tanaka and Sengco also tested recognition of parts
of houses, inverted or scrambled faces and did not find a similar sensitivity to changes in
configuration. Interestingly, we found that experts (but not novices) at Greeble
recognition demonstrated such a sensitivity to configural changes. That is, Greeble parts
were better recognized in the context of intact Greebles relative to the recognition of the
same parts in isolation. Moreover, experts recognized Greeble parts better in a studied
configuration as compared to Greeble parts in a transformed configuration (in which the
top parts were rotated 15° each towards the front).
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In this first study, subjects who served as experts first went through extensive training to
make them “experts” at Greeble recognition. They practiced recognizing 30 Greebles at
three levels of categorization (the gender, family, and individual levels) in a label-
verification paradigm. To be considered experts, participants had to become as fast on the
individual level as they were on the more categorical levels. Experts reached the criterion
after an average of 3,240 trials (ranging from 2,700 to 5,400) spread across a total of 7 to
10 one-hour sessions.

In a second expertise study conducted at Oberlin College in collaboration with Prof.
James Tanaka, we attempted to improve the expertise training procedure. The new
training required the subjects to learn more individuals and used a naming task in
addition to the label-verification task, in order to increase the difficulty level and diversify
the experts’ experience with the Greebles. Also, all experts were trained for a fixed
amount of time (about 9 1/2 hours). Experts’ performance reached an asymptote after
about 6 hours of training. This indicates that a shorter training procedure, less costly
and less laborious for the subjects, could be used in further experiments.

Study 2 also included other measures previously used with face stimuli. In most
cases, effects found with faces (but not other categories) were replicated with Greeble
experts. In particular, Greeble experts’ part recognition is sensitive to contrast inversion
just as it appears to be to sensitive to configural changes. Moreover, Greeble experts
recognized composites made of parts of different Greebles more slowly when the
separable parts are arranged in a valid Greeble configuration. Finally, expertise appears
to be orientation specific in that Greeble experts are not sensitive to configural changes
when they are tested with inverted Greebles (Study 1) and produce orientation-sensitive
patterns for naming that increase with increasing misorientation. Thus, experts are only
experts at the orientations for which they are trained -- for unfamiliar orientations, they

effectively perform as novices.

e Orientation Priming

Orientation-priming across objects has often been taken as evidence for orientation-
invariant representations because it may imply that orientation and shape information
can be encoded separately. In this context, the explanatory power of a view-based
framework would be increased by demonstrating orientation priming across objects in
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the context of orientation-dependent recognition. We conducted a series of experiments
exploring the possibility of orientation priming in identification judgments of novel stimuli.
In all experiments, subjects were first trained to identify homogeneous 2D novel stimuli
and later tested for recognition of those targets among distractors in different picture-
plane orientations. Of interest was whether orientation cues could reduce the robust
orientation generally found with such stimuli,

Cooper and Shepard (1973) found that prior orientation information, in the absence
of shape information, does not reduce the orientation effect for a standard/mirror
version judgment on letters. The results of Experiment 1 replicated that finding for an
identification judgment of 2D novel objects stimuli (first set in figure), when the
orientation cue was an arrow preceding each object.

Experiment 2 tested whether the orientation information would be more useful if
given in the form of a similar target in the same orientation, when both targets have to
be identified. We examined sequential effects, dividing the trials according to the
characteristics of the preceding trial: a target could be preceded by the same object in
the same view (SoSv), a different object in the
same view (DoSv), the same object in a  SetA

different view (SoDv) or a different object in a — | _i -l:l-_l

different view (DoDv). Experiment 2 revealed - e '-'I:H

that targets are not efficient orientation primes Kip Kor

when there is no overall contingency between -Ij-—l —_l-l |

their orientation information and the orientation —t

of the next stimulus. Set B al Kef distractors
Experiment 3 tested an “image-based” b

account for our earlier results -- that 4%\ %%\

orientation information in the form of a similar do re /(

target reduces the orientation effect in a i% )}%\ L.Z

context where the orientation information is " mi " fa i

maximally predictive of the incoming stimulus

orientation (because of the activation of a
Two sets of homogeneous objects used in the

class-general representation during earlier . . .
orientation priming experiments.

recognition). Such a situation was achieved by
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a blocking manipulation, in which trials were organized in 12 blocks of 15 trials, each
block at one of twelve orientations in the picture plane (0°, 30°, 60°..., 330°). The
orientation effect for DoSv trials in this blocked procedure led to a significant reduction
of the orientation effect, especially at large orientations, compared to homologous trials
from Experiment 2 (see figure).

—as—Different object, same view (Expt. 2) Experiment 4 tested the
--e-Different object, same view (Expt. 3) . ] .
hypothesis that the orientation

3500
- priming obtained by blocking trials
% 3000 [ by orientation does not rely on
E subjects being aware of the
~ 2500 |
o blocking. The orientation priming by
5 . : ,
§ 2000 F blocking was replicated in a
o paradigm using short blocks of trials
1500

0 30 60 90 120 150 180 (6 trials) intermixed with random
shortest distance to upright trials, leaving the subjects unaware
Response times for correct responses in Experiments 2 of the bIocking. This result indicates

(orientation random) and 3, (orientation blocked) ,for trials . . .
that an automatic mechanism is

preceded by a different object in the same viewpoint.
most likely responsible for the
orientation priming. Moreover, orientation priming was found to be linearly related to
the serial position within the block, providing further support for an image-based
account.
The results from Experiments 1 to 4 do not address whether the prime is necessarily
a visually similar object or simply another object which is recognized at the same
orientation. To test this possibility, we chose a design in which targets from two basic-
level categories are alternated so that the prime is always from a different category than
the target. An image-based account predicts no orientation-priming in this case, while if
normalization of a frame of reference is mediating the orientation-priming, priming
should also occur in those conditions. Subjects learned the names of eight objects
organized in two homogeneous categories (both sets in the earlier figure) and were
tested for their identification in trials for which orientation was either blocked or
randomized. In both conditions targets of the two classes were constrained to alternate
(A-B-A-B...). The results did not produce any evidence for a reduction of the orientation
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effect in the blocking manipulation when targets alternated between two different
categories, despite the fact that subjects were explicitly told of the blocking
manipulation. Contrasting this to the orientation priming found in Experiment 4 when
subjects were unaware of the orientation blocking and the blocks only 6 trials long, there
seems to be strong evidence for orientation priming being an automatic by-product of

the activation of orientation-specific representations accessed during recognition.

e Scene Perception

A series of scene perception experiments were conducted using realistic
photographs of natural scenes. Our purpose was to determine which object features
and relations are most important for scene perception and how scene representations
differ from those of individual objects. We used the “flicker” paradigm introduced by
Rensink, O'Regan, and Clark (1995) in which one element of a scene continuously
alternates between its original appearance and a noticeably changed appearance. A
brief blank field disrupts the scene at the moment that the change occurs and
presumably delocalizes transients produced by the change which may otherwise draw
the perceiver's attention. The crucial assumption of this technique is that visual
properties that are more salient within the representation of the scene are preserved
across such transients and, therefore, are easier to detect when changed. Within this
paradigm we also examined the degree to which cueing particular sets of features
influenced detection of changes within a scene. Our assumption was that cueing would
differentially enhance detection of changes in features that were typically less salient in
visual memory.

So far we have completed one project consisting of four different experiments. The
first was a replication of the original flicker study which showed that changes were
detected much faster when they occurred in foreground objects than when they involved
the background of a scene. The second experiment was a control in which we
measured the detection of changes without the presence of flicker. In the last two
experiments we used two different cueing manipulations to investigate the role of
attention and expectations in scene perception. In one experiment scenes were blocked
according to the type of change (color, location, or presence) that occurred. In the other,
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scenes containing each type of change were randomly intermixed, but a cue informing
participants as to the type of change was provided prior to each trial.

In addition to
Change Detection Over Flicker

confirming the
foreground/background 8000 o *C'E;‘g' -
effect, several other 7000 L cued :
@ 6000 Bl flicker :
results stand out. First, E E
2 5000 E
regardless of the type of E E
= 4000 E
change, changes were s E
N S 3000 E
detected significantly a "\\E
@ 2000 NE
faster when there was no o 1000 ;
flicker. Second, cueing
made no difference in the Color Presence Location

) . Change Type
detection of changes in

foreground objects. Third, cueing facilitated the detection of color changes in
background information, but not location or presence changes. Finally, there was no
difference between the degree of facilitation obtained for blocked vs. trial-by-trial cueing.
These results suggest that attention is initially directed towards elements of the scene
that perceivers consider to be informative or interesting, e.g., foreground objects.
Moreover, it is likely that such elements are represented with the greatest salience in
visual memory. There is apparently less salience in the representation of background
information, and based on the cueing advantage, even less salience in the
representation of color information in the background. Planned follow-up experiments
will use computer graphics psychophysics to create both synthetic familiar and
nonsense scenes, thereby allowing us to manipulate properties such as context,

familiarity, viewpoint, texture, or 3D location.

e Concurrent encoding of viewpoint-dependent and viewpoint-invariant object
representations

Current theories of object recognition have posited both viewpoint-dependent and
viewpoint-invariant modes of object representation. However, it is still unclear as to what
conditions determine how perceptual mechanisms apply such representations under

different contexts in learning and recognition. We have completed a project in which we
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have demonstrated that regardless of the role of viewpoint during initial encoding,
subjects apparently encode both types of representations. Specifically, subjects were
initially taught a set of objects, the training set, that could be immediately recognized
equally well at all viewpoints: in one case 2D line drawings similar to those used in Tarr
and Pinker (1990) and in the other case 3D part-differentiable objects (where a small
number of qualitatively different parts is sufficient to discriminate one object from all

others in the set).

After familiarization, subjects were
given extensive practice recognizing the
objects from a select set of viewpoints
generated by rotations in the image-plane
or in depth (depending on the stimulus
set). As predicted, in both instances,
recognition performance was immediately
equivalent at all tested viewpoints,

Training Set indicating that viewpoint-invariant
mechanisms and representations were
employed during this phase. Following
practice at recognition across several
days, subjects were taught an equivalent
number of new objects, referred to as the
contrast set. The critical manipulation is
that combined with the objects in the
training set, no single object could be

. differentiated by a qualitative description

Contrast Set of parts (as in Biederman’s, recognition-

Sets of Part-Differentiable Objects by-components theory, Biederman &

Gerhardstein, 1993) or by simple one-dimensional ordering of parts (see Tarr & Pinker,
1990). To assess the impact of including these new objects, additional unfamiliar
viewpoints were also added during this phase. Two crucial predictions were made: (1)
introducing the contrast set would result in a shift to viewpoint-dependent recognition
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mechanisms; (2) viewpoint-dependent effects would be systematically related to the
nearest previously seen viewpoint despite the previous lack of effects of viewpoint.

As shown in the two graphs below, in the final phase of each experiment, both
predictions were obtained. For both 2D rotated in the image-plane and 3D objects
rotated in depth, there is now a significant effect of viewpoint on naming time. Crucially,
this pattern is systematic to the nearest familiar viewpoint, indicating that subjects did
encode a viewpoint-specific object representation at each observed viewpoint.

2000 =gt e bt b R 1500
1800 - 1300
= 7 ] L
E E
g te0 g 00 7 -
= =
£ g
= b=
E w0 o g e00 7 !
-1}
2 ] \
>3 - ] N Familiar Viewpoints
-4 ) [~
1200 - 700 -
1000 =TT T 500

—r—r—T—TT T—TTTT
[ 60° 120° 180° 240° 300° 360°
CounterClockwise Vertical Axis Rotation from Canonical

0° 60° 120° 180° 240° 300° 360°
Clockwise Rotation from the Upright

2D Line Drawings 3D Rendered Multi-Part Objects

Recognition of Familiar Objects
Following Training in Select Viewpoints

A control experiment verified that these viewpoint-dependent effects are not simply
due to the addition of viewpoints and objects. This study employed the identical 2D
training set used in the previous experiment, but employed a contrast set that did not
require subjects to rely on complex part relations across more than a single dimension.
Under such conditions it was predicted that, despite the introduction of new viewpoints
and objects, viewpoint-dependent patterns would not be obtained. Results for the
familiar training objects confirmed this: no systematic pattern of response times across
orientation was observed. Overall these results indicate that there is no “default’
recognition mechanism. Rather the visual system apparently encodes at least two
distinct types of object representations, one viewpoint invariant and one viewpoint
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dependent, and utilizes each along with appropriate recognition mechanisms in
accordance with the perceptual information necessary for accomplishing a given task.

» Memory for Impossible Objects

The study of human object recognition and human memory have been considered
separately for many years. Recently, however, this gap has been bridged by the advent
of several implicit memory paradigms for studying memory for objects. One such
paradigm, introduced by Schacter, Cooper, and Delaney (1990), tests subjects’ memory
for the 3-D structure of objects. In an initial study phase, subjects view line drawings of
novel objects while performing a study task, such as deciding what direction each object
faces. Following this study task, subjects perform an object possibility test, in which they
decide whether line drawings represent possible objects, that could potentially exist as
real, 3-D objects, or impossible objects, that have "structural ambiguities" rendering
them unable to actually exist in 3-D (see figure below). Some test objects were
presented during the study task whereas others are completely new; as with other
implicit memory tasks, memory for studied items can be inferred if subjects perform
differently on studied than on unstudied test items. This advantage for studied
compared to unstudied items is known as a priming effect. One important finding
coming out of studies employing this paradigm has been that subjects often
demonstrate priming on the object possibility test for possible, but not for impossible,
objects (Schacter et al., 1990). Cooper and Schacter (1992) considered this to be
evidence that possibility priming is based on encoded information about the 3-D
structure of objects. Since impossible objects do not have definable 3-D structures,
Cooper and Schacter argued, they cannot be primed.

While a logical analysis of the object possibility task strongly implies that possibility
decisions should, in fact, be based on memory for object structure, we reasoned that
priming might also be found for the possible portions of impossible objects. That is,
while some lines and surfaces in impossible drawings cannot exist in 3-D, other surface
combinations are perfectly plausible. Furthermore, some objects can be "more
impossible" than others, leading to the inference that the more possible structural
information is available in a line drawing, the more priming should be evidenced for that
drawing. To test these ideas, we developed a new stimulus set in which line drawings of
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possible objects were matched with line drawings of two types of impossible objects
containing one and three impossible portions (see figure). We call these objects
possible, impossible1, and impossible3 objects, respectively. In the study phase of
these experiments, we had subjects study some of each type of object. Then in the test
phase, we had subjects perform the object possibility task on both the possible and the
impossible3 versions of the studied objects, as well as some unstudied objects.

Part (a) of the figure below
shows results from an
experiment in which subjects
had only 45 ms to view test
figures. Under these

) ] ) ) ) demanding stimulus
Three versions of an object: possible; impossible1, and .
) ) conditions, accuracy
impossible3 _
(proportion correct

responses) serves as the dependent measure. Results for possible test objects are
shown on the left side of the figure. Here, we can see that our hypothesis was
confirmed: possible studied objects, which contained the most amount of 3-D structural
information, primed possibility decisions the most, while impossible1 and impossible3
objects, which contained progressively less valid structural information, primed
possibility decisions less and less. Results for impossible3 test objects are shown on
the right side of the figure. Here, we found that having studied an object made subjects
less likely to respond correctly that objects were impossible. Importantly, this negative
priming effect was greatest if subjects had studied the object in its possible version. This
result is again consistent with our hypothesis that subjects utilize encoded information
about the 3-D structure of possible portions of objects in the process of making
possibility decisions. Subjects were not always able to extract enough information from
test flashes to be absolutely confident about their possibility decisions. Therefore,
subjects’ memory for the possible portions of studied objects led them to believe that
those objects were possible, regardless of whether the flashed test objects were
possible or impossible. However, since subjects remembered more structural
information about possible than about impossible studied objects, larger priming effects,
both positive and negative, were found when studied objects had been possible.
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Accuracy and response times from object possibility experiments. a) When test objects
were flashed for 45 ms; b) When test objects were shown for up to 5 sec.

Part (b) of the above figure shows results from a second experiment in which we
allowed subjects enough time (up to 5 seconds) to view test objects so that they could
almost always make correct possibility decisions. Since accuracy rates were at ceiling,
response time served as the primary dependent measure in this experiment. Results for
possible test objects, on the left of the figure, confirm our findings from the previous
experiment: the most amount of priming was demonstrated when objects were studied
in their possible versions, less priming was demonstrated for impossible1 studied
objects, and the least amount of priming was demonstrated for impossible3 studied
objects. Impossible3 test objects were not significantly primed in any of the conditions in
this experiment (right side of the graph). This result, which we have subsequently
replicated many times, indicates that encoded knowledge about the 3-D structure of
objects neither helps nor hinders the perception of impossible portions in line drawings
of the objects.

In total, these results provide strong support that object possibility priming is based
on encoded information about 3-D object structure. However, our findings also indicate
that this structural information need not be encoded in an "all-or-none" fashion, as was
originally claimed by Cooper and Schacter (1992). The graded effects of object
impossibility found in the present experiments are also inconsistent with the kind of
abstract structural representations proposed by theorists such as Marr (1982) and
Biederman(1987), which would be expected to be either computable (for possible
studied objects) or not (for impossible studied objects).

» Viewpoint-specific implicit memory effects
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In a second line of research utilizing the object possibility paradigm, we tested
priming for objects that had been rotated in the picture plane between study and test.
Here, we were interested solely in performance on possible test objects primed by
possible studied objects. As in the latter experiment described above, we allowed
subjects up to 5 seconds to view test objects, and utilized response time as the
dependent measure. Object possibility results from two experiments indicate that
priming declines gradually from a robust 250-ms for unrotated objects to essentially O-
ms for objects rotated 60° or more in the picture plane. These results were contrasted
with those from an old/new recognition tasks, in which exactly the same objects were
shown but subjects were required to decide whether objects had or had not been seen
during the earlier study task. Here, performance declined consistently throughout the
entire range of 0° - 180° rotations employed in the experiments.

To account for these patterns of effects, we have posited an object recognition model
utilizing viewpoint-specific representations of object structure. When making old/new
recognition decisions, the perceived structure of test objects must be explicitly matched
with these encoded structural representations. The further test objects are rotated from
studied viewpoints, the more difficult this matching process becomes. In the process of
making possibility decisions, on the other hand, structural representations are only
accessed incidentally, since these decisions do not require explicit identification of
particular objects. Our results indicate that such incidental contact with encoded
structural representations is only helpful for making possibility decisions when objects
are rotated 60° or less in the picture plane.

Explicit identification of objects, as is required in traditional object recognition tasks
such as naming and old/new recognition, is relatively uncommon in everyday
experience. For example, we do not exclaim "This is a mug" every time we take a sip of
coffee. Implicit memory tasks such as object possibility, in which access to object
representations is incidental rather than explicit, can potentially provide important
converging evidence with naming and old/new recognition on the nature of encoded
object representations used in object recognition processes. Results from the
experiments outlined above support the viewpoint-dependent representations inherent
in models such as those offered by Edelman and his colleagues (Bulthoff, Edelman, &
Tarr, 1995). Another experiment from our lab indicates that information about object
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size is not included in the representations utilized during the object possibility task.
Somewhat surprisingly, however, yet another experiment suggests that information
about object color may be important to the structural representations accessed while
making possibility decisions. We are currently following up on all three of these lines of

research.

» [ exical and Perceptual Encoding of Spatial Relations

William Hayward and | completed a series of experiments investigating the nature of
qualitative spatial relations encoded between objects in a scene (or between parts of an
object). Such relations are an essential element of many structural-description theories
of object representation (i.e., Hummel & Biederman, 1992). Specifically, we have
examined the possibility that the restricted meanings of spatial prepositions used in
language reflect a similar qualitative encoding of spatial relations in the visual
representation system. As detailed in the attached paper (accepted pending revision to
Cognition), a series of four experiments indicate that linguistic descriptions and the
visual encoding of space share common structures for the relations “above” “below”
“left” and “right”. Across four experiments objects were presented in a scene where one,
the reference object, always appeared in the center, and the other, the figural object,
appeared in one of many positions on a 7x7 grid surrounding the reference object.
Results from the first two experiments indicate that perceivers have a preference to
apply spatial terms in a qualitative manner — for example, applying “above” when the
figural object is directly vertical relative to the referent. Secondly, while the same spatial
terms certainly apply to other relations between objects, they do so in a gradient that
decreases in both frequency of application and assessed appropriateness with distance
from the preferred axis.

A similar pattern was obtained in two experiments that employed perceptual
judgments with scenes configured as in the first two studies. One study required
subjects to use spatial memory to recall the position of the figural object relative to the
reference object. A second study required subjects to judge whether the figural object
was in the same location relative to the reference object in two sequential frames (which
shifted randomly in screen position so that subjects could not simply note the absolute
position of the figural object between frames). In both studies performance was highest

at spatial positions where the figural object was axially aligned with the reference object.

Page 20




F49620-92-0169
Final Technical Report

Such results suggest that there is a correspondence between qualitative spatial
representations found in the visual system and the categorical form referred to in
language (i.e., we refer to objects being simply above rather than precisely how far
above). Given this correspondence, we may begin to explore the specifics of spatial
relations within objects using both linguistic and non-linguistic tasks. For example, one
paradigm may employ sequentially presented images of similar objects where the
relations between parts vary. While the magnitude of quantitative changes in spatial
relations are expected to influence performance, qualitative changes are predicted to
have a far greater impact on performance. This and related paradigms may be used to
assess the qualitative boundaries of part relations within objects, as well as possible

similarities to linguistic descriptions of such relations.
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